Abstract-Samples of fresh excised tissues obtained from patients who had undergone gastric cancer have been investigated.
I. INTRODUCTION
At the present day cancer diseases are the most important problem of medicine which requires effective methods of diagnostic and treatment. During the last decade, the percentage of people who had undergone different kinds of cancer increased by 15.2% in Russia [1] . There were an estimated 14.1 million new cancer cases around the world in 2012 with 8.2 million cancer deaths [2] .
Cancer starts when cells in the body begin to grow out of control. Cells in nearly any part of the body can become cancer, and can spread to other areas of the body. That is why it is important to fmd an appropriate method to diagnose cancer until it having spread through the whole body.
The most common cancers worldwide in 2016 were projected to be breast cancer, lung and bronchus cancer, prostate cancer, colon and rectum cancer, bladder cancer, melanoma of the skin. The majority of cancer cases occur in Africa, Asia and Central and South America. It is expected that the number of new cancer cases will rise within the next two decades [3] .
THz spectroscopy is expected to become a new modality of biomedical analysis as a noninvasive diagnosis of cancer.
Terahertz waves refer to electromagnetic radiation in the frequency range of 0. [6] so it could provide a high contrast of samples with uneven water content. In addition, THz radiation is non ionizing because it has very low photon energy and could be applied to in vivo diagnostics. These features are the big advantages for biological structures, because it means that THz radiation is not harmful for biological samples.
Terahertz (THz) retlectometry has been applied to many biomedical investigations [7] and when endoscope was developed it became possible to extend field of application and investigate internal organs [8] . Therefore, during the past few years, the basic tissue characteristics of each internal organ in THz frequency regime have been investigated. Besides all applications of THz radiation in medical research, the main field of interest has become cancer diagnosis as the most dangerous disease for human health. Although advanced gastric cancers have shown poor prognosis [9] , the early staged gastric cancers can be cured by surgery. For the surgery efficiency, a good operator-independent technique of cancer tissues diagnostics around tumors is needed [10] . Six patients were enrolled in the study. Samples of tumors were put into opaque box for fixation. x 1 cm3. Specimens were carried in sterile containers filled with a solution of 0.9 % NaC!. Experiments were held within 4 hours after samples were excised.
III . EXPERIMENTAL SETUP
Samples were investigated by THz -TD spectrometer in the reflection mode (Fig. 2) . The characteristics of the spectrometer are following: the spectral resolution of 15 GHz, the sensitivity of lock-in amplifier of 1 m V, the lock-in amplifier time constant of 1 s. The THz broadband pulsed radiation had the following parameters: the spectral range of 0.1-1.5 THz, the pulse duration of 2.7 ps, the average power of 30 IlW, the average power density 60 IlW/cm2, THz radiation was generated by femtosecond laser (Yb:KYW) irradiation of undoped indium arsenide crystal. The femtosecond laser parameters are following: the wavelength of 1040 nm, the pulse duration of 120 fs, the pulse repetition rate of 75 MHz, the power of 1 W.
First, the reference signal of silica window was acquired.
Silica window has well-known optical properties, so it is a good material for normalizing of object signal. Then samples were placed under the silica window to acquire the object signal.
Waveforms of reference and object reflected signals with both amplitude and phase information were recorded by balanced photodiodes and pictured at Pc. So at the stage of waveforms acquisition, the reflected signals amplitudes altered in accordance to the water content.
IV. DATA PROCESSING
The optical properties of examined tissues were calculated using the Matlab Software. The waveforms obtained in the experiments were transformed into frequency domain using
Fourier Transform with a Gaussian window function.
Dispersions of optical properties (refractive index, permittivity, absorption coefficient) of the examined samples were extracted from the obtained spectra using Fresnel equations [16] .
V. RESULTS
In this study, optical properties and spectral features of For more accurate discrimination of these three tissues, it is necessary to compare the basic optical properties of tissues such as refractive indices, permittivities and absorption coefficients.
The dispersions of optical properties of investigated tissues are shown in Fig. 4-6 .
The refractive index dispersion is about 1.7 -1.8 for normal tissues, 2.4 -2.5 for cancer tissues, 1.8 -2.2 for mixed tissues and 2.5 -2.6 for water in the frequency range of 0.4 -0.5 THz (Fig. 4) . In addition, the averaged permittivities through six experiments with error bars are shown (Fig. 5) . Therefore, the comparison of refractive indices could be an additional approach in the diagnostics of gastrointestinal cancer. The dispersions of absorption coefficients (Fig. 6) 
